NMDA antagonist MK-801 at 0.3 mg/kg, i.p. increased the punished response under a MULT VI 1.5/FR 5-punishment schedule of food reinforcement in mice. Furthermore, although neither MK-801 (0.1 mg/kg, i.p.) nor diazepam (0.25 mg/kg, s.c.) was without effect when separately administered, a significant increase in the punished response appeared after the combined administration of these two drugs. The present results suggest that MK-801 not only shows an anticonflict effect, but also enhances the anticonflict effect of benzodiazepine anxiolytics in mice.
neurotransmission sys tems (1) , and it can easily penetrate the blood-brain barrier after it is systemically administered. Because of these properties, MK-801 has been used as a tool for in vestigation of the behavioral effects of the neurotransmission systems of the N M DA component.
Clineschmidt et al. (2) (3) (4) reported that MK-801 showed an anticonflict effect in rats, but not in squirrel monkeys, although the ataxia-producing effect was observed in both species. There is the possibility of a species difference in the appearance of the anticonflict effect of MK-801. Hence, the purposes of this study were to assess by conflict behavior established under an operant situation in mice whether MK-801 shows an anticonflict effect and to assess the combined effect of MK-801 with diazepam, a benzodiazepine anxiolytic.
Adult male mice of the ddY strain (Japan Laboratory Animals) were deprived of their daily food and trained under a MULT VI 1.5/ FR 5-punishment schedule of food reinforce ment. The apparatus used in this experiment (operant chamber, controller and recorder: GT-8501, GT-8805 and GT-7715, respec tively: O'Hara & Co.) were the same as those used in our previous study (5). The experi mental session consisted of 4 pairs of the safe period (6 min) and the alarm period (4 min), and thereby each session lasted for 40 min. In the safe period, the mouse's lever presses were reinforced by a food pellet of 20 mg each at average intervals of 1.5 min without shock. In the alarm period, which was indicated by an 800-Hz tone signal, every 5th lever-press was reinforced with an electric shock (75 V, 0.3 mA, 50 Hz AC, and duration of 0.3 sec) as the punishment for food taking. After an establishment of stable baseline responses in both the safe and alarm periods, i.e., emitting a moderate to high response rate (about 15/min) in the safe period and a low response rate (around 0.5/ min) in the alarm period, the drug testing sessions were inserted at intervals of 3-4 days. MK-801 hydromaleate (Merck/Banyu) was dissolved in physiological saline and administered intraperitoneally (i.p.). A com mercial preparation of diazepam (Cercine Inj.: Takada) was diluted by 5% propylene glycol and administered subcutaneously (s.c.). All of these drugs were administered in a fixed volume of 0.1 ml/10 g body weight regardless of the drug doses. The drug administration was conducted immediately before the start of the session in both the cases of single and combined administration.
The mean overall response rates in both the safe and alarm periods were compared by Student's t-test. When p values were equal to or less than 0.05, they were considered to be significantly different. MK-801 at 0.3 mg/kg significantly increased the punished response, but significantly decreased the non-punished response. After administration of 1 mg/kg of MK-801, mice exhibited such a marked ataxia that they could not respond well (data not shown). Diazepam at concentrations over 0.5 mg/kg also increased the punished response in a dose-dependent manner. At these doses, the non-punished response increased. Although the single administration of neither 0.1 mg/ kg of MK-801 nor 0.25 mg/kg of diazepam produced a significant change in the punished or non-punished responses, but the combined administration of these two drugs significantly increased the punished response. The rate of the punished response after the combined administration of MK-801 (0.1 mg/kg) with diazepam (0.5 mg/kg) was significantly higher than the rate after the single adminis tration of MK-801.
Our experiment demonstrated a significant increase in the punished response, i.e., development of an anticonflict effect, after the administration of MK-801 to the mice under an operant situation. A clear anticonflict effect of MK-801 could be observed within 40 min after i.p. administration. The anti conflict effect of MK-801 has been reported in thirsty rats under a shock-induced sup pression of the water intake procedure (4). However, Clineschmidt et al. suggested that MK-801 was without anticonflict activity for longer than 1 hr after p.o. administration. The ataxia-producing effect appeared within a few min even after p.o. administration in rats (4). It is therefore reasonable to consider that there may be a species difference in the onset time of the anticonflict effect of MK 801, but a pharmacokinetic study on MK-801 and its metabolites must be performed to make a final conclusion on this point.
The anticonflict effect of benzodiazepine anxiolytics is well-known. Our experiment also confirmed the anticonflict effect of diazepam. Furthermore, when these drugs were given in combination, they interacted to enhance the anticonflict effect. It has been reported that following acute administration of MK-801 in vivo, there was a dose dependent enhancement of 3H-diazepam binding in rat brain membranes assessed in vitro (4). Such neurochemical evidence supports the enhancing interaction between MK-801 and diazepam. However, Clinesch midt (6) reported that the anticonflict effect of MK-801, as assesed by the shock-induced suppression of the water intake procedure in rats, was not significantly modified by Rol 5 1788, a benzodiazepine antagonist.
Our results indicate that there is a differ ence in the characteristics of the effects of MK-801 and diazepam. At doses exhibiting the anticonflict effect, MK-801 decreased the non-punished response, whereas diazepam increased it. Such a result may reflect the differences in the actions of MK-801 and diazepam on motor function, motivation for food taking, etc. However, it is hard to attribute the drug-induced amnesia to the present effects of MK-801. This is because MK-801 at the doses tested in this experi ment had no effect on the discrete lever press and shuttle avoidance response in mice (H. Kuribara, unpublished data).
